ABSTRACT. Chinese native buffaloes have faced the threat of extinction, along with an increase in crossbreeding with domesticated river buffaloes; consequently, conservation of local buffalo genetic resources has become a priority. A Chinese native breed, Jianghan, is often crossed intentionally and unintentionally with imported breeds from India and Pakistan, Murrah, and Nili-Ravi. A total of 128 buffaloes of the breeds Jianghan, Murrah, and Nili-Ravi and their presumed hybrid offspring were genotyped for 10 microsatellite markers. Heterozygosity and Wright's F-statistics were calculated to determine the genetic variation in those populations. The observed average heterozygosities ranged from 0.836 (Murrah) to 0.986 (Jianghan), higher than the expected heterozygosities and all the inbreeding values within the populations were negative. The genetic distances between the presumed hybrid buffaloes and the two imported river type dairy buffalo breeds (Murrah and Nili-Ravi) were lower than with the native Jianghan, indicating strong contributions of the imported breeds to this presumed hybrid buffalo population. This information will be useful for the development of rational breeding for the dairy buffalo industry and for conservation strategies for the Jianghan buffalo.
INTRODUCTION
The water buffalo (Bubalus bubalis) contributes significantly to the agricultural economy and food security of southern China and countries in Southeast Asia. It contributes through milk, meat, hides, and draught power. Chinese indigenous buffaloes are of swamp type, historically employed primarily as a work animal since their milk production is very low with an annual milk yield of 500-700 kg (Yang et al., 2007) . Therefore, the well-known rivertype dairy buffalo breeds Murrah and Nili-Ravi, were introduced from India and Pakistan in 1957 and 1974, respectively, to crossbreed with local buffalo. After decades of research and practice, more than 1 million crossbred buffaloes have been born, and milk production has been as high as 1200-2000 kg, but most of them are scattered in countryside due to a lack of systematic recording keeping. In recent years, the Chinese government increased the input in the dairy buffalo industry and the nation put forward that buffalo milk industry is a new growth point for the country's economy, which has promoted the development of the buffalo milk industry (Huang and Huang, 2006) . However, the Chinese native buffalo faces the threat of extinction with the increase in crossbred buffaloes, and the conservation of local buffalo genetic resources has been a priority topic in many discussions. Herein, we used 10 microsatellite markers to analyze the genetic structure of Jianghan buffalo of an indigenous Chinese buffalo breed to lay the foundation for rational breeding in the dairy buffalo industry and conservation strategies for Jianghan buffalo.
MATERIAL AND METHODS

Sample collection for DNA analysis
A total of 128 buffaloes from four populations were examined in this study. The sperm from 15 Murrah buffalo and 31 Nili-Ravi buffalo obtained from the Bull Station in Hubei Province. Blood samples were obtained from 30 Jianghan buffalo from several villages located in remote areas in Jingmen County and from 52 assumed hybrid buffalo from Jingzhou city, Hubei province of China. Genomic DNA was extracted from the sperm or blood using the standard phenol-chloroform extraction protocol. The DNA samples were dissolved in TE buffer, consisting of 10 mM Tris-Cl (pH 7.5) and 1 mM EDTA (pH 8.0), and were stored at -20°C for use.
Selection of microsatellites and PCR amplification
The microsatellite markers used in this study were chosen according to a recommendation from a joint meeting between the International Society of Animal Genetics (ISAG) and FAO (Hoffmann et al., 2004) for genetic diversity studies. A total of 10 heterologous microsatellite loci were chosen for the study. These loci were BM2113, ETH225, BM1862, TGLA53, BMS510, BM1824, BM1818, CSSM019, ILSTS030 and ILS058. The PCR conditions were standardized for all 10 primer pairs selected for the study. Polymerase chain reaction (PCR) was performed in a 20-μL mixture containing 10 pmol primers, 200 μM dNTPs (deoxyribonucleotide triphosphates), 2 μL 10X reaction buffer consisting of 1.5 mM MgCl 2 , 0.5 U Taq-DNA polymerase (Promega, Madison, WI), and 50 ng genomic DNA as template. After denaturation at 94°C for 5 min followed by 34 cycles of 94°C for 45 s, 55° to 64°C (primer specific) for 45 s, and extension at 72°C for 45 s. The final cycle was followed by an extension step at 72°C for another 10 min. PCR products were separated by 8% PAGE (acrylamide:bisacrylamide = 29:1) gel electrophoresis, and fragment sizing was done using the GENESCAN (3.1) and GENOTYPE software.
Data analysis
To determine the genetic variation within and between breeds, parameters such as heterozygosity and Wright's F-statistics (F ST , F IS , and F IT ) were calculated. The number of alleles and allele frequencies and Hardy-Weinberg equilibrium were determined using GENEPOP (Version 3.3) (Raymond and Rousset, 1995) . The effective number of alleles was estimated according to Kimura and Crow's (1964) formula. The Genes in Population (Version 2.0) software (May et al., 1995) was used to analyze Wright's F-statistic, expected heterozygosity (He), and observed heterozygosity (Ho) in each population. Nei's DA genetic distances (Nei, 1978) were calculated and then used to construct the neighbor-joining tree using the DISPAN package (Ota, 1993) .
RESULTS
Allele frequencies, heterozygosity, and F-statistics
Allele frequencies are available from the corresponding author upon request. Observed heterozygosity (H S ), expected heterozygosity (H T ), Wright's F-statistics (F IS , F IT , and F ST ) at each locus are all shown in Table 1 . The number of alleles per locus varied from 3 to 11, which indicated that all the microsatellites used were suitable for genetic diversity analysis. The H T varied from 0 (TGLA53) to 0.618 (BM1818). The F ST per locus varied from 0 (ETH225, TGLA53 and BM1824) to 0.881 (BM1862), and the average F ST of all loci was 0.177. Multilocus F ST values indicated that around 17.7% of the total genetic variation was explained by population differences, with the remaining 82.8% corresponding to differences between individuals within population. The HWE test showed that all loci deviated from HWE when analyzed across populations. These deviations are likely caused by the small effective population sizes and the difficulties in collecting enough unrelated individuals. Mean observed heterozygosity (H O ), mean expected heterozygosity (H E ), mean polymorphic information content (PIC) and mean observed number of alleles, as well as the mean effective number of alleles for all populations and the observed data for inbreeding within the different populations (F IS ) are presented in Table 2 . Although varying between populations, the observed mean heterozygosity was higher than the expected mean heterozygosity for all populations, and all the values of inbreeding within the populations were negative. Nei's (1972) standard genetic distance of the 4 populations is listed in Table 3 . The genetic distance between the assumed hybrid buffalo population and two well-known rivertype dairy buffalo breeds, Murrah and Nili-Ravi, was lower than that between the hybrids and Jianghan buffalo (Table 3 ). The greatest genetic distance was 0.230, between Jianghan buffalo and Murrah buffalo. The dendrogram illustrating the relationship between these populations is shown in Figure 1 . Murrah buffalo and Nili-Ravi buffalo clustered the most closely, and the next most closely related breed was with the assumed hybrid buffalo. Table 3 . Matrix of Nei's (1978) standard genetic distance among four buffalo populations. 
Genetic distance
DISCUSSION
The mean allele number and heterozygosity were used as estimators to evaluate genetic characteristics and diversity. In the present study, the mean expected heterozygosity for Jianghan and assumed hybrid buffalo populations were 0.701 and 0.734, which was higher than those of Southeast Asian swamp buffalo (0.506) (Barker et al., 1997; Zhang et al., 2007) . This may be due to low selection pressure in the indigenous Chinese breeds because of the lack of improvement programs and indicated that these two buffalo populations had abundant genetic resources. The mean expected heterozygosity for Murrah and Nili-Ravi buffalo populations were 0.581 and 0.647, which were lower than those of river buffalo in India (0.71-0.78, Kumar et al., 2006) . The low genetic diversity in Murrah and Nili-Ravi buffalo populations in our study may be explained by the use of high selection pressure for milk production traits. In this study, the observed mean heterozygosity was higher than the expected mean heterozygosity for all populations, and all the inbreeding values within the populations were negative, indicating the absence of inbreeding within those populations. The mean PI content in different local populations in this study was between 0.469 and 0.671, with Murrah the lowest and Jianghan Spotted the highest. The high PI content of Jianghan may be due to the lower selection pressure in this breed.
The genetic distance between assumed hybrid buffalo population and two well-known river-type dairy buffalo breeds, Murrah and Nili-Ravi, was lower than that between the hybrids and Jianghan buffalo. This could be explained by the existence of many hybrid offspring in the assumed hybrid buffalo population, due to the introduction of Murrah and Nili-Ravi to this region from India and Pakistan in 1957 and 1974, respectively. The highest genetic distance was 0.230 between Jianghan buffalo and Murrah buffalo. This is expected due to the long geographical distance between these two buffalo. The dendrogram illustrating the relationship between these populations is shown in Figure 1 . Murrah buffalo and Nili-Ravi buffalo cluster the most closely; their close relationship is consistent with their geographical proximity and their characterization river-type dairy buffalo breed. The next most closely related breed is the assumed hybrid buffalo which consisted of many hybrid offspring between Jianghan buffalo and the two well-known river-type dairy buffalo breeds, Murrah and Nili-Ravi. This result implies that there are many potential resources for dairy buffalo breeding in the country.
In conclusion, we present here the first study of genetic diversity of Jianghan buffalo using microsatellite markers recommended by FAO and ISAG. The results indicate abundant genetic variation and the absence of inbreeding within the populations. These findings will be useful for the development of rational breeding in the dairy buffalo industry and conservation strategies for Jianghan buffalo.
